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Fast phase-frequency detector anaagement 



The present invention relates to a detector arrangement for detecting a 
jGnequencjr error between an input sigoal and a reference signal, and to a charge pump circuit 
for use in such frequency detector arrangement. Furthermore, the present invention relates to 
a frequency error detection method and a charge pump controlling xnefltod and to a recovery 
5 circuit comprising the detector arrangement and Ihe charge pump circuit, for recovering 
liming information from random data. 

In recent years there has been a significant research effort in the area of high- 
speed electronics for communication. In order to take full advantage of the broadband 
capabilities of optical jSbers, there is need of high-speed electronic building blocks, in 

10 particular integrated solutions to reduce costs and inaprove reliabihty. Generally, when long 
distances are involved, regeneration of data is compulsory since data gets distorted due to 
fiber impairments on signal transfsr. Fiber dispersion, a well known fiber impairment 
translates into pulse width distortion. To guarantee data recovery at reasonable bit-euor rate 
(BER), the signal is typically regenmted aft^ a certain distance (for instance, in SONET 

15 about every 500 km; in 10 Gbit Ethernet, about every 10 to 40 km) to prevent degradation of 
Ihe signal-to-noise ratio (SNR). The regeneration is typically performed in an optical 
transceiver. 

Fig. 1 shows a schematic block diagram of an architBcture of an optical 
transceiver. The receiving and transmitting blocks are composed of several analog and digital 

20 integrated circuits. At the receiver side, optical signals are converted into electrical signals, 
data signals are regenerated and, finalty, a serial to parallel converter demultiplexes the 
retimed serial signal to a lower rate, at which it can be processed by digital circuitry, such as 
a CMOS (CoDOcplementary Metal Oxide Semiconductor) circuitry. At the transmitter side, a 
parallel to serial converter, where a PLL (Phase Locked Loop) circuitry generates a low-jitter 

25 clock for retiming of the NRZ (Non Return to Zero) data stream, multiplexes the parallel data 
to a high rate serial data, and finally the serial data signal can be converted back into optical 
pulses. In general, the term "jitter" is used here to indicate any kind of random and/or 
undesired phase variation. 
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The data transmitted over the optical fibers is encoded in NRZ format, which 
implies that no in&nnation of the clock signal can be extracted directly from the stream due 
to Ihe fact that the signal does not return to zero level after each positive or negative bit 
value. When long data sequences without transition occur, synchronisation at the receiver end 
5 becomes very difficult This is due to the properti^ of NRZ data which spectrum has nulls at 
fiequencies that are integer multiples of the bit rate. For this reason, a notdinear circuit is 
needed to recover the clock spectral component from the bit stream. 

According to Fig. 1, the transmitting end receives data from a data processor 
10 and generates a serial data stream at a multiplexer 20 using a PLL circuit 22. The data 
10 stream is supplied to a laser driver 30, which drives a laser device 40 so as to couple an 

optical signal into an optical fiber. The function of the optical receiver is the detection of the 
incoming optical NRZ signal and the regeneration or recovery of the transmitted data. The 
combination of a photo detector 50, and a subsequent traosimpcdance amplifier 60 is known 
as the "front aid" portion. The photo detector 50 may be a PIN photodiode or an avalanche 
IS photo detector, Minch convert the optical signals received via the optical fiber into electrical 
signals. The low level signal generated by the photo detector SO is amplified by ibe 
transimpedance anq>lifier 60, which may be a low-noise preaxnplifier, followed by a limiting 
ainplifier 70 with automatic gain control. A clock extraction and data regeneration circuit 
(pCR or CDR) 80 recovers the tiining information Scorn the random data and sanq)les the 
20 data stream at an appropriate instant or timing. Finally, a serial to parallel converter or 
demultiplexer 90 demultiplexes the retimed serial data to a lower rate, where it can be 
processed by the digital circuitry of the data processor 10. In the demultiplexer 90, a firame 
alignment unit 92 maybe arranged for synchronization purposes. In order to perform 
synchronous operations such as retiming and demultiplexing of random data, high-speed 
25 receivers must generate a clock. To achieve this, a clock recovery circuit senses the data and 
produces a periodic clock. Data can be retimed in a D-flip-flop or D-latch by the recovered 
clock, i.e. it samples the noisy data, yielding an output with less jitter. Such a flip-flop or 
latch circuit is sometimes called decision circuit. The recovered clock should preferably have 
a frequency equal to the data rate, so that, for example, a data rate of 10 Gb/s translates to a 
30 clock frequency of 1 0 GHz with a period of 1 00 ps. Furthermore, the recovered clock should 
bear a certain phase relationship with respect to the data, allowing optimum samphng of the 

bits-by the clockrlf the rising edges'of the clockxoincide with th^ 

sampling occurs tarthest fix>m the prece<fing andToIlowing data transilons, providing 
maximum margin for jitter and other timing uncertainties. Finally, the recovered clock should 
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exhibit a smaU jitter since it is the main contributor to the retimed data jitter. To gen^ate the 
clock wave form, a voltage controUed osciUator (VCO) is employed which is phase-locked to 
the input data using e.g. a flip-flop or latch circuit operating as a phase detector. A low pass 
filter suppresses ripple on Ihe oscillator control Ime. Also, to retime the data, another flip-flop 
5 or latch circuit may be added, ^ch is clocked by the VCO output. Hence, the recovered 
clock drives the input of the phase detector and the clock input of die retimer. 

Fig. 24 shows a schematic block diagram of a conventional implementation of 
die CDR circuit in Fig. 1- According to Fig. 24, mput data Djn is suppKed as a clock signal to 
a first D-flip-flop or latch circuit 802 which operates as a phase detector, and to a second D- 

10 flip-flop or latch circuit 808 which operates as a retuner circuit and generates the recovered 
output data Doi*. The ou^ut of the first D-flip-flop 802 is supplied via a low pass filter 804 to 
a VCO 806 which gmerates a recovered clock signal CKout. The recovered clock CEIout is 
suRilied as input signal to Ihe first flip-flop circuit 802 and as clock signal to the second flip- 
flop circuit 808. This known CDR circuit operates as follows. Upon tum-on, the first flip-flop 

15 circuit 802 multiplies the edge-detected input data Din by the output clock of the VCO 806, 
generating a beat that drives the VCO fi:equency towards the input bit rate. If tfie initial 
difference hetween the VCO fi:equency and the data rate is suflBcientiy small, the loop locks, 
estabUshing a well-defined phase relationship hetween the input data Dm and the recovered 
output clock CKout- In fact, with such a hang-bang characteristic provided by tiie first flip- 

20 flop circuit 802 as phase detector, the data edges settle around the zero-crossmg points of the 
clock. Even for a slight phase error, the first flip-flop circuit 802 geneiates a large output, 
driving the loop towards the locking state. 

However, the known CDR circuit of Fig. 24 sxxS&s from a number of 
drawbacks. First, the first flip-flop circuit 802 may produce fiiU digital outputs for run lengths 

25 greater than one, thereby creating substantial ripple on the control voltage of the VCO 806 

and hence jitter at the output. Second, since the first flip-flop curcuit 802 samples the clock by 
the data, whereas the second flip-flop circuit 808 santples the data by the dock, data retiming 
exhibits significant phase of&et at high speeds. Typically, flip-flops display unequal delays 
fiom the D-iiiput to the output and from the clock mput to the output. Thus, if for example 

30 die CK-to-Q delay is longer than the D-to-Q delay by AT, the first flip-flop 802 locks such 
that the data leads the clock by AT, sampling the dodc closer to the zero crossmg afl:er the 
data experiences the mtrinsic delay of the first flip-flop circuit 802. 

The output of the VCO 806 suffers fixim even more delay as it propagates 
tiirou^ the second flip-flop circuit 808, sampling the data far firom die middle of the eye 
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generated by superposition of several signal periods, in other wotds» if the difference 
between the CK-Id-K and D-to-Q delays is equal to AT» the retiming suffers fiom a skew or 
delay of 2AT. Third, the sinople CDR architedure of Fig. 24 relates to the feedthiough of data 
to the VCO ou^ut dirough botibi flip*flop circuits 802, 808. The output phase is disturbed on 
5 arrival of each data transmission, requiring lliat the VCO 806 be followed by a buffer stage 
providing significant reverse isolation. 

In general, CDRs for NRZ data can be grouped into open loop and closed loop 
circuits. The clock recovery circuits limit the obtainable data rate of mult^gigabit-per-second 
integrated fiber optic receivers. It is by far the most complicated building block of die 
10 transceiver and the most difficult to design. 

Fig. 25 shows a schematic block diagram of a conventional CDR circuit with 
two separate loops and autonomous fi:equency locking on the random input data Du,. The 
presence of die two loops provides the possibility to dimension the loops in different ways 
and to achieve the specifications by decoupling the two opposite requirements of CDRs, i.e. 
15 fest fi-equency acquisition and low jitter in the locked state. The firequency loop (FL) is 

dimensioned for fast fi-equency acquisition while the phase loop (PL) is dimensioned for the 
lowest possible jitter peaking. When data transitions are present, a fi*equency detector 811 
acquires the correct frequency and gives a zero DC signal as coarse signal Vco to a coarse 
ii^ut of a VCO 817, which generates the recovered clock signal CKout which is also fed back 
20 to the fi-equency detector 817 and to a phase detector 822 of the phase loop. The phase error 
signal is siq>plied as fine signal Vfi to a fine input of the VCO 817 via similar charge pump 
and low-pass filter circuits 823, 825. The random input data Dm is supplied to die fi-equency 
detector 81 1 and to the phase detector 822 via a limiter circuit 819 which provides a limiting 
operation to the amplitade of the random iapat data. The phase detector 822 may be a bang- 
25 bang phase detector. 

With the coarse-fine-loop idea, the fine loop is fi)r the phase and the other 
coarse loop is for the frequency. When the firequency difference is large, the phase loop can 
be considered open since its gain is very small The firequency loop gain can be increased 
independent firom the jitter so that the pull*-in range can be increased without increase of the 
30 jitter. However, a problem arises firom the feet that the two loops are always active. Due to 
this, the firequency detector 81 1 may add extra jitter after the fi-equency-locked state has been 
reacHedr 

Phase detectors and firequency detectors for random high-speed NRZ data 
have the difiScult task to work on random transitions of the data. Between transitions, the 
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phase and frequency detection shoidd keep the phase and frequency in&rmation such that the 
VCO is not puBed sway from the locked state when transitions are missing. Althoug^i, in the 
known solutions for digital implementations of frequency detectors, an ahnost zero DC input 
can be derived in the locked state by using low-pass filters, flie bang-bang nature of the 
5 frequency detectors enhances the jitter generated by the VCO, making them impractical for 
low-jitter systems. 

It is therefore an object of the present invention to provide an improved 
detector circuit, which can be used in low-jitter systems opemting at high frequencies. 

This object is achieved by a detector arrangement as claimed in claim 1 , a 
10 charge pump circuit as claimed in claim 9, a detection method as claimed in claim 14, and a 
control method as claimed in claim 15. 

Accordingly, the claimed combination of latch means provides transformation 
of the phase diflference between the input signal and the reference signal into positive or 
negative binary signals. When the signal is positive, the reference signal, e.g. clock signal, 
15 will increase its phase, and for negative signals, the reference signal will decrease its phase. 
The two binary quadrature signals are used in the third latch means in order to produce a 
frequency error signal. Once the frequency-locked state is acquired, the output of the 
frequency detector gives a zero DC signal at the output such that the subsequent VCO. keeps 
the frequency information. Due to its simpUcity, this principle can be used in highrSpeed 
20 clock and data recovery systems, such as optical communication sjrstems. 

Furthomore, the proposed diflferential charge punip arrangement provides the 
advantage of being less sensitive to oommon-mode noise from the power supplying lines and 
substrate. The principle of controlling the tail current of the charge pump provides the 
advantage that it will be active only in a frequency error from the detector arrangement needs 
25 to be processed. Thus, the charge punip circuit will be switched oflF completely in the locked 
state, which leads to a reduced jitter in the recovery system. 

Forlfaermore, control means may be provided in the detector arrangement, for 
selectively suppressing operation of flie charge pump circuit to which the first binary signal is 
supplied, in response to a control signal derived from the second binary signal. 
30 The first and second latch means of the detector arrangement each may 

comprise a double-edge triggered flip-flop arrangement. As an example, the double-edged 
triggered flip-flop arrangement may comprise first and second D-latch circuits receiving the 
input signal and being respectively controlled by a direct version and an inversed version of 
the respective component of the reference signal, and a multiplexer circuit being controlled 
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by liie inversed version of fhe lespecttve component This doiible-edge detector arrangement 
is thus clocked on both transitions of Ibc random input data signal^ "Vidierein the in-phase 
component and die quadrature phase componoit are two fidl-speed clock signals. The output 
of the multiplexer circuit can thus be iqidated only at transitions of the irqnit signal Before 
5 the next data transition arrives, the output of the multiplexer circuit is kept on its previous 
value. The third latch means may conoprise a D-latch circuit receiving the first binary signal 
and being controlled by the second binary signaL Using such an arrangement, positive to 
negative transitions of the in-phase vector can be monitored, and a frequency error signal can 
be generated fi-om the quadrature vector. 

10 The first and second binary signals may be suppUed to the charge pump circuit 

via at least one of respective amplifier and level shifter circuits. In particular, the amplifier 
circuits each may comprise a combination of a feedback anqplifier and a feed forward 
ampii&oT. Thereby, signal quality can be improved and the signal swing and/or common 
mode levels can be adapted to suite the need of the next circuit stage, e.g. the charge pump 

1 S circuit The combination of the feedback amplifier and feedforward amplifier provides the 
advantage of siq)erposition of gain effects, while the output impedance can be reduced and 
gain can be well controlled by the feedback ratio of the feedback amplifier. 

The charge pump circuit may comprise first and second current mirror circuits 
respectively provided in the first and second differ^itial brandhes and arranged to copy the 

20 modulated cuErent of one differential branch into the respective other differential branch. 
Therd^y, a double output variation can be achieved for each branch due to the feet that the 
current and modulation is copied into the respective other branch so as to double the output 
current siq)plied to a filter of the charge pump circuit. 

Furthermore common mode rejection means may be provided for comparing a 

25 common-mode voltage at the output of the charge pump circuit with a reference voltage, and 
for controlling the first and second cmrent sources based on the comparison result This 
provides the advantage that the common mode level at the output of the charge pump circuit 
is constant irrespective of changes in temperature and supply, and an improved stability of 
the oscillation fi*equency of the VCO in the recovery loop can be achieved. 

30 The control means of the charge pump circuit may comprise switching means 

for switching the tail current in response to a control signal indicating the fi-equency-locked 

stater Thereby, the teil-current-carrbe ■shurdown'i:omplerdy W^thatTl^^ 

contribution e.g. from the coarse loop in which the charge pump circuit with the respective 
detector arrangement is used. 
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The present invention will now be described in greater detail based on 
preferred embodiments with reference to the accompanying drawings, in which: 
5 Fig. 1 shows a schematic block diagram of an optical transceiver in whidti the 

present invention can be implemaated. 

Fig. 2 shows a digital inq>l^entation of a qnadricorrelator on vMch the 
detector anrangement according to the pref^ed embodiments is based. 

Fig. 3 shows a fiequency detector arrangement wilh combined diarge pump 
10 circuit according to the first preferred embodiment. 

Figs. 4A and 4B show waveforms for a double-edge latch-multiplexer 
configuration for an early clock signal and a late clock signal, respectively. 

Fig. 5 shows a schematic block diagram for generating two quadrature signals 

at full rate, 

15 Fig. 6 shows a vector representation of an equilibrium position of I and Q 

vectors in a phase-locked state. 

Fig. 7 shows vector diagrams for visualizing a firequency detection algorhfam 
according to the preferred embodiments. 

Fig. 8 shows a D latch circuit in Source Coupled Logic, 
20 Fig. 9 shows a multiplexer circuit in Source Coupled Logic, 

Fig. 1 0 shows a schematic block diagram indicating the principle of a 
differential charge pump circuit according to the first preferred embodiment, 

Fig. 1 1 shows a schematic block diagram indicating a common-mode rejection 
principle, which can be used in the charge pmnp circuit according to die iireferred 
25 embodhnents, 

Fig, 12 shows a schematic circuit diagram of an implementation of the 
differential charge pump circuit according to the preferred embodiments. 

Fig- 13 shows a schematic circuit diagram of a common-mode sense circuit, 
which can be used in the differential charge pump circuit according to the preferred 
30 embodiments. 

Fig. 14 shows a schematic circuit diagram of a differential charge pump curcuit 
with a common-mode circuit according to the preferred embodiments. 

Fig. 1 5 shows a schematic circuit diagram of a charge punqp circuit with a tri- 
state control circuit according to the preferred embodiments, 
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Fig. 16 shows a schematic block diagram of a detector arrangement with a 
charge pump circuit according to a second preferred embodiment. 

Fig. 17 shows a schematic circuit diagram of an ainplifier drcuit with level 
shift function according to the second preferred embodiment, 
5 Figs. 18 A and 1 8B show respective schematic circuit diagrams of equivalent 

circuits of a feedback amplifier and a feed forward amplifier of the amplifier circuit of Fig. 
17, 

Figs. 19A and 19B show schematic circuit diagrams of level shifter circuits for 
the in-phase arm and the quadrature arm of the second preferred embodiment, 
10 Fig. 20 shows a waveform diagram indicating phase detection characteristics 

of the second preferred embodiment, 

Fig. 21 shows a schematic circuit diagram of a tri-state circuit of the preferred . 

embodiments. 

Fig. 22 shows a wavefcnm diagram indicating a phase detector diaracteristic 
IS according to the preferred embodiments. 

Fig. 23 shows a waveform diagram indicating a frequency detector 
diaracteristic of the second preferred ^bodiment. 

Fig. 24 shows a schematic block diagram of a known clock extraction and data 
regeneration cfarcuit, and 

20 Fig. 25 shows a schematic block diagram of a known clock extraction and data 

regeneration circuit with two loops and autonomous frequency locking. 



25 



30 



The preferred embodiments will now be described on the basis of a full-rate 
phase-frequency detector based on a quadricorrelator circuit. 

Frequency discriminators based on quadricorrelator circuits are described for 
exanq)le in H. Ransijn and P. O'Connor, "A PLL-bascd 2.5-Gb/s GaAs clock and data 
regenerator IC." IEEE J. SoUd-State Circuits, vol. 26(10), pp. 1345-1353, Oct. 1991, R.R. 
Cordell et al. "A 50 MHz phase and frequency-locked loop." IEEE J. Solid-State Circuits, 
vol. 14(6), pp. 1345-1353, Oct. 1991, and B. Razavi and J. Sung, "A 2,5Gb/s 15-mW 
BiCMOS Clock Recovery Circuit", Syrnposium on VLSI Circ. Dig. Of Tech. Papers, pp. 83- 
85,-1995rFurthermore; an analog impleineritationrofa-quadricor^^^ 

— iSEpelHa'fiom'c^ 
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and frequency detector IC for clock extraction", ISSCC Dig. Tech. Papers, pp. 162-163, San 
Francisco, California, Feb. 1992. 

According to tibe preferred embodiments of the present invention, a digital 
detector arrangement based on a digital implementation of the qoadricorrelator concept is 
5 presented. 

Fig. 2 shows a schematic circuit diagram of a digital iniplemcntation of the 
quadricorrelator, on "which Ihe preferred embodiments are based. This digital inoplemmtation 
comprises three latch-multiplexer conJBgurations consisting of two D-latches and one 
multiplexer. Each latch-multiplexer coiidSguration corresponds in function to a double-edge 

10 flip-flop circuit and could be replaced by such a flip-flop circuit. This double-edge flip-flop 
circuit is clocked on both transitions of the input data signal DATA. Two full-speed clock 
signals CKI and CKQ are in quadrature with each other, and thus can be regarded as an in- 
phase clock component CKI and a quadrature clock component CKQ. The term "full-speed" 
indicates that one period of the clock signal corresponds to the bit length Tb of the input data 

15 signal. 

The double-edge flip-flop function acts to sample both clock components CKI 
and CKQ at transitions of the input data signal, providing two quadrature signals FTJ} and 
PT_I. The output of the multiplexer MUX will thus be updated only at transitions of the ixiput 
data signal DATA. Before the next data transition arrives, the output of the multiplexer MUX 

20 is kept on the previous value. The phase difierence between the ixspvst data signal DATA and 
the clock conqKments CKQ and CKI, respectively, is transformed mto a positive or negative 
quantized or binary signal. When this sigqal is positive, the clock will increase its phase, and 
when the signal is negative, the clock will decrease its phase. 

In fihe foUowmg, for the sake of simplicity, the two quadrature outputs PD_Q 

25 and PD J[ are denoted as Q and I, respectively. The third latcb-niultq)lexer configuration 

functions as a third double-edge flip-flop circuit which samples the output signal or vector Q 
at the transitions of tiie output signal or vector I. Thus, the frequency error can be obtained at 
the output of the third latch-multiplexer configuration. This frequency error is also obtained 
in a quantized or binary foma. Therefore, in a phase locked situation, the output frequency 

30 error signal ripples between a positive and negative value with a period corresponding to the 
bit period Tb of the input data signal and a 50% duty cycle. 

It is noted that in the third latch-multiplexer configuration comprising the D- 
latches L5 and L6, a sign inversion is introduced at the output of the upper D-latch L5, which 
leads to an inversion of the Q vector at positive values of the I vector. This inversion is 
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needed to implement a differentiator fcmction of the analog quadriconelator which gives 
positive values on the rising edge and negative values on the felling edge. 

The equilibrium or balanced position for the vectors I and Q can be 
rq)rescnted with the rotating wheel analogy in a vector diagram, as shown in Fig. 6. 
5 According to Fig. 6, the vector I is positive, stable and equal to "+1" whilst the vector Q 

bounces from the positive to the negative quadrant in a periodic fashion due to the bang-bang 
characteristic of the circuit. This frequency error generation can be explained by using the 
rotating wheel analogy as follows. When the clock is too slow, the pair of the two quadrature 
vectors I and Q rotates counter-clockwise with an angular frequency equal to the frequency 
10 difference Aco and the derivative of the vector I faUs before the vector Q, generating an error 
signal. On the other hand, when the clock is too fest, the pair of two quadrature vectors I and 
Q rotates clockwise with an angular frequency equal to the frequency diflFerence Aco and the 
derivative of the vector I fells before the vector Q with 180° phase difference, generating an 
error signal. 

IS Fig. 3 shows a schematic block diagram of a detector atrangement with charge 

puoq) circuit according to th& first pre&ired embodiment. Tliis detector arrangement is based 
on the bang-bang principle and woiks at frdl-rate with the two clock components CKQ and 
CKI in quadrature with each other. The random transitions on the mpat data signal DATA are 
used to sample die clock to generate a phase error signal. Two quadrature phase error signals 

20 PD I and PD_Q are generated at the same time. The two quadrature phase enrorsignab 

PD_Q and PI>_I are consequendy used in order to produce a frequency error signal FD. Once 
the frequency locked state is acquired, the frequency detector gives a zero DC voltage at the 
ou^ut so that the subsequent VCO keeps the fi?equency information. Due to its simplicity, 
this principle can be used in high-speed clock and data recovery, as for example in optical 

25 communication systems. 

In particular, the detector airangement in Fig. 3 comprises two bang-bang 
phase detectors, which output signals are in quadrature relation with each other, and are 
respectively called PD_Q and PD_I. 

In case of autonomous locking, the frequency information needs to be 

30 recovered from the transitions of the input data signal DATA. In this case, a fiiU-rate 

frequency detector with tri-state ou^ut or a half-rate frequency detector with tri-state output 

cau BeusearinBotlrcases7i^^ 



Fig. 3 depicts the fuU-rate frequency detector which has two quadrature clock input signals 
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CKQ and CKI at ftdl speed, i-e. j^ik = 1/Tbil; which means that Ihe clock frequency j^uc 
corresponds to the maximum hit rate of the input data signal DATA. 

In order to und^stand the operation of the phase-frequency detector 
arrangement of Fig. 3, the latch-multiplexer combination having a douhle-edge ttiggored flip- 
5 flop function is described in more detail. The latdi circuits LI to L4 sample the respective 
clock signal with the iiq>ut data signal DATA on hoth up and down going edges of the iiq>ut 
data signal DATA. The upper latch circuit LI, L3 is transparent to the respective clodc iiiput 
when the input data signal DATA is high. The lower circuit L2, L4 is transparent to the 
respective clock input ^en the input data signal DATA is low. The speed of operation of 

10 this double-edge latch-multiplexer configuration is high since the two upper and lower latch 
or sampling circuits work interleaved. When the upper latch circuit samples the clock signal, 
the lower latch circuit delivers its output, and when the lower latch circuit samples the clock 
signal, the upper latch circuit delivers its output The output of the multiplexers MUX will be 
updated only at data transitions, while between the data transitions the output value is kept 

15 constant As a consequence, the double-edge triggered latch-multiplexer configuration give 
sample versions of the clock signal. At data transitions, the output of the latch-multiplexer 
configurations will follow the clock transitions. Therefixre, the double-edge triggered latch- 
multiplexer configuration can be used as a phase detector, wherein the phase difFerence 
between the input data signal DATA and the clock components CKQ and CKI is transformed 

20 into respective quantized or binary signals. 

Figs. 4 A and 4B show waveforms relating to the double-edge latch- 
muMplexer ccmfiguration, wherein Fig. 4A relates to the case where the clock signal is early, 
i.e. it advances the input data signal, and Fig. 4B relates to the case where the clodc signal is 
late, i.e. follows the iiq>ut data signal. If the respective output voltage y^OUT of the latch- 

25 multiplexer configuration is positive, tlie respective clock signal is early and needs to 

decrease its phase. If the respective output voltage V_OUT is negative, the clock signal is 
late and needs to increase its phase. As can be gathered firom Figs. 4A and 4B, each of the. 
latch-multiplexer configuration has a bang-bang characteristic, i.e. the output voltage 
V_OUT is either positive or negative depending on the fact whether the respect clock signal 

30 is early or late. 

As a fi'equency information is required jQrom the transitions of the input data 
signal DATA, more clock phases at full-rate are needed, such that two double-edge latch- 
multiplexer configurations are used to generate tbie two quadrature phase error signals PDjQ 
andPD L 
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Fig. 5 shows such a double-edge latch-mxiltiplexer configuration for 
generating two quadrature signals Vi andVq based on two clock signals or clock components 
CKI and CKQ in quadrature, which are sampled by the input data signal DATA. From these 
two quadrate phase error signals Vi and Vq, the jQrequency error signal can be extracted as 
5 follows. 

The data transitions sample the two quadrature clock components CKI and 
CKQ at fiiU speed. In Fig. 3, the phase detection outputs PD_Q and PD_I correspond to the 
outputs of two phase detectors and are in quadrature with each others, which means they have 
a phase dififer^ce of 90°. In the following, again, the two quadrature phase outputs FD_Q 

10 and PD_I are denoted as Q and I outputs, respectively. 

As already explained. Fig. 6 shows the equilibtium position for the 
conresponding vectors I and Q in the rotating ^eel analogy, hi the locked phase state, the 
vector I is positive, stable and equal to "+1" whilst the vector Q bounces from the positive to 
a negative quadrant in a periodic fesWon. By monitoring the positive to negative transitions 

15 of the vector I, the frequency error can be obtained based on tiie following algorithm: 

1 ^ When the vector I has a negative to positive transition, which means it changes 

from a negative to a positive quadrant in the vector diagram, the ftequmcy must be kept by 
generating a zero signal at the output of the frequency detector. 

2. When the vector I has a negative to positive transition, which means that it 

20 changes from a negative quadrant to a positive quadrant, for negative vectors Q, the 

frequency must be kept by generating a zero signal at the output of the frequency detector. 
3^ When the vector I has a positive to negative transition and the vector Q is 

positive, the frequency has to be increased by generating a frequency error signal FD = +1 . 
4^ When the vector I has a positive to negative transition and the vector Q is 

25 negative, the frequency has to be decreased by generating a frequency error signal FD = -1 . 

Fig. 7 shows a visualization of this algorithm based on different vector 
diagrams indicating the above four cases. In operation, each of flie four possible cases will 
converge towards the equihT)rium position shown in Fig. 6. In the foUowmg table, the four 
cases or situations are presented, which can be used to construct the logic for the frequency 
30 detector: 
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PD_I (I vector) 


PD_Q (Q vector) 


ED 


-/+ 


-1 


0 


-/+ 


1 


0 


+/- 


-1 


-1 


+/- 


1 


+1 



As shown in Fig. 3, the vector I is being used to clodc a latch circuit L5 -wiiidi 
samples the vector Q (which oorreapoads to flie phase detection output PD_Q). Forttiamore, 
as depicted in Fig. 3, the other phase detection output PD_I and its inverse output ate sign- 
5 inverted (SI) and supplied to respectivB transistors Ml and M2 of a differential tri-state 

control circuit TS whidi conttols a charge punqj circuit 82. Based on the vahie of the vector I 
(phase detection output VDJ), the tail current of the differential control circuit flows 
Enough the sources of another differential pair M3, M4 or can be dunqxjd or forced to a 
predetermined current I_3State. The vectors Q and I correspond to the quantized phase error 
10 wherein the vectw I is used to sanqile the vector Q with the latch circuit L5. When the vector 
I is positive, the latch circuit L5 is transparent to the vector Q, but the tri-state control circuit 
TS is not transpaxoit to the output signal FD of the latdi L5. This means that no frequency 
error will be generated when the vector I is positive. Only when the vector I changes from 
positive to negative values, the tri-state control circuit TS starts to be transparent to the output 
15 of the latch circuit L5 and at this moment the latch circuit L5 latches the last sampled value, 
i.e. the latest value of the vector Q. hi equihTirium, when die vector I is positive and "+1 ", the 
other differential pair M3, M4 is not active any longer and the differential output of the 
frequency detector VFD is zero. The dunq? current I_3State from the transistor M2 can be 
used to switch off flie charge pump drcuit 82. 
20 An advantage of this implementation resides in the possibility of pull-in with 

large frequency errors leading t» an isnptovcd frequency detector arrangement due to its 
simplicity and frequency error detection capabiHties. However, due to the fact that the phase 
detector arrangBment graierates a quantized varaion of die phase error eortra ripple is 
generated in the phase-locked state at the fine input of the VCO. Nevertheless, this extra 
25 ripple can be reasonable smalL The amount depends on the amount of data transitions per 
time unit Mote data transitions mean that the fijequency detector has more hsformatton and 
thus the VCX) frequency will not drift too far away from the lodced firequency. However, 
using a tri-state charge pump circuit can alleviate tiiis extra ripple, as explained later. 
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In llie following, piaotical implementations of the latch circuits LI to L5 and 
the multiplexer circuits MUX are described in more detail. 

Fig. 8 shows a schematic circuit diagram of a D-latch circuit in Source 
Coupled Logic (SCL) which can be used as latch circuits LI to LS. This D-latch drcuit is 
5 based on a CMOS (Conqilementary Metal Oxide Semiconductor) Current Mode Logic 
(CML) which is a CMOS implementation of the bipolar Emitter Coupled Logic (BCL). 
Similar to ECL, signal swings can be made small by this technology. A bias current Ibias 
flows in the sources of the CMOS transistors M5, M6 or MB, M4, in dependence on the 
polarity of the clock signal CLK. Furthermore, the polarity of the data signal D selects the 
10 current path to the output Q when the data signal D is negative, or to the output Q when the 
data signal D is positive. Thereby, the ftinction of the latch circuits LI to L5 can be obtained. 

Fig. 9 shows an implementation example for the multiplexer circuit MUX in 
SCL. Similar to Fig. 8, a bias current Iwas flows in flie sources of the CMOS transistors M5, 
M6 or MS, M4, independence on the polarity of a selection signal S. The polarity is of the 
15 signals Chi, Ch2 select the paths for the current When the selection signal S is positive, the 
bias current flows in the source of the CMOS transistors M3 and M4. When the selection 
signal S is positive and the channel signal Chi is positive, then the output Q is positive, and 
the bias current will flow through a resistor Rl and the transistor M3. When the selection 
signal S is positive and the channel signal Chi is negative, then the ou^ut Q is negative, and 
20 the bias current will flow through another resistor RO and the transistor M4. Thus, when the 
selection signal S is positive; tiie multiplexer circuit is transparent to the channel signal Chi, 
which means that the output of the multiplexer is equal to the diannel signal Chi . Similarly, 
when the selection signal S is negative, the bias current flows in the source of the transistors 
MS and M6. Then, the midtiplexer circuit is transparent to the second channel signal Ch2, 
25 which means that the output of the multiplexer circuit is eqaal to the channel signal Ch2. 

In the foUowing, a tri-state charge purnp circuit is described in greater detail, 
which provides the advantage of reduced ripple in the equilibrium state. In particular, this tri- 
state charge punop circuit can be used as the charge pump circuit 82 in Fig. 3. 

Phase or frequency comparison at higjh speed requires fest charge pomp 
30 circuits for filtering the spurious signals at the output of the phase/frequency detector 

arrangement. In clock and data recovery, the comparison between the transitions of the input 



data signal DATA and tiie clock transitions is done at ftill speed since frequency dividers 



cannot be used due to the random character of the input data signal DATA. 
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Therefore, a diaferential charge pump circuit is proposed which can be used 
for high-speed phase/frequency detectors. A differential charge pump has the advantage of 
being less sensitive to comnionrmode noise from the power supply lines and substrate. In 
general, a charge pomp circuit is a current source which charges/discharges a filter inside ttie 
5 frequency and phase loops depicted in Fig. 25. The input of the charge pump cncuit can be a 
fast series of pulses, so that it has to be ensured that a fast switching between both states and 
a Imear r^resentation of the phase error in 4e form of a charge in the capacitor of the loop 
filter is obtained. The simplest irrq)lementation of this principle is a circuit which has two 
digital input lines to drive two switches which provide a constant charging or discharging 

10 current to a capacitor. Then, the output voltage at the capacitor corresponds to the integral of 
the binary signals which drive the respective switches. When both switches are open, the 
voltage on the capacitor remains the same. Maintaining the voltage on the capacitor is 
equivalent to keeping the same frequency at the output of the VCO. 

However, as mentioned above, differential circuits have a better immunity 

15 towards supply and substrate noise due to the strong rejection of the common mode noise. 
Also, the practical implementation of the capacitor in the single ended solution gives extra 
parasitic capacitances in parallel with the capacitor of the filter. In the differential mode, 
however, the capacitor of the filter can be laid out such that the parasitic capacitance obtained 
by circuit lines and circuit elements is not a part of the differential filter. 

20 Fig. 10 shows a schematic block diagram of a differential charge punqj circuit 

as proposed accordmg to the first preferred ranbodiment The basic idea is to have control on 
the charge pump circuit in such a manner that it will be active only when the firequmcy enror 
signal FD at the output of the fi-equency detector needs to be processed. This can be realized 
by controlling the tail current of the differential charge pump circuit The fi-equency 

25 mformation may be differentiaUy pumped into the output filter of the charge pump cncuit. 

According to Fig. 10, a differential mput signal Ax is adapted to modulate 
current sources lo m both branches of the differential circuit. To achieve a double output 
variation, for each branch, the DC current and the modulation are copied into the upper part 
of the other branch via two respective current mirror circuits CM having a mirror ratio 1 :1. 

30 This charge pump circuit leads to the advantages that the double output current 

is supplied to a filter F, compared to the traditional differential charge pump, and an on-off 
control can be achieved by controlling the tail current of the charge pump circuit. 

Furthermore, rejection of common-mode signals from the supply lines and 
substrate is unproved due to differential implementation. As the common-mode level 
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influeaces the oscillation frequency of the subsequent VCO, enhanced control of the 
common-mode level of the charge pump drcuit may be necessary. To achieve this, a 
common-mode rejection circuit can be used to control the common-mode level at the ou^ut 
of the charge pump circuit, so that the output common mode will be constant irrespective of 
5 changes in tenqierature and supply. 

Fig. 1 1 shows an improved implementation exan^le of the charge pump 
circuit with an additional common-mode rejection circuit In particular, the common mode at 
the output is rejected with a negative feedback circuit C which compares the common-mode 
voltage at the output with a band gap-referenced voltage Vcm. This common-mode rejection 
10 circuit C adds/subtracts firom both current sources the same current as obtained by the 
comparison. 

Fig. 12 shows a transistor level in9>lementation of the charge pump circuit 
shown in Fig. 10. The input currents lo+Ax and lo-Ax comprise a DC current lo and a 
modulation pulsed current Ax. These input currents are cross-mirrared in the current-miiror 

IS transistors MS and M8, respectively, hi this way, the signal Ax is doubled is^ the filter F 
which consists of two serial c^acitors 2C. Signal current 2Ax flows in the output filter F» 
where the c^adtor C is rqiresented as the series connection of the two capacitors 2C. The 
plate of the capacitor 2C with largest parasitics is connected to the common-mode of the two 
capacitors. In tins way, the parasitic capacitances are not part of the filter. 

20 Fig. 13 shows an implementation of a common-mode sense circuit. The 

common mode at the output of the charge punq> circuit, e.g. output nodes OUT+ and OUT- 
in Fig. 12, can be measiired with the transistors M3 and M4 in Fig. 13, which work as 
controlled resistors in a triode regime. The DC current 4Io is forced to a source degenerated 
mirror circuit consisting of the transistors Ml and M2. Ihe controlled transistors MS and M6 

25 have their gates connected to the band gap referenced voltage Vcm. Thus, the mirror ratio at 
the output of the transistor M2 depends on the ratio of the MOS resistors present on the 
sottrces of the transistors Ml and M2. The resistance of the MOS combination depends on 
the common-mode voltage as long as the band gap referenced voltage Vcm is larger than the 
threshold voltage of the transistors. By substracting the DC ciirrent at the output of the 

30 transistor M2 and M3, only the error signal ± AI will be transmitted at the output of the sense 
circuit. The error signal is thus a measure of the difference between the common-mode 
vbltage^t ffie oiSp^^ the band gap referenced voitage^cM. Inlhe equilibrixmi state, tihe 
sum of the voltages at the nodes or terminals OUT- and OUT+ is double the value of the 
band gap referenced voltage Vcm. 
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Fig. 14 shows a transistor level schematic circuit diagram of a charge pump 
circuit with common-mode control as explained above. The particularily of this circuit 
consists of the feet that the signal is mirrored togeth^ with the common-mode error signal in 
order to correct for the lo DC common-mode current As mentioned above, the charge iiump 
5 circuit can be used in the coarse loop for firequency correction. When the locked state has 
been reached, this diarge pump circuit will shut down completely so that there will be no 
jitter contribution fiom the coarse loop shown in Fig- 25. This is achieved by controlling the 
tail current of the charge pump circuit using the intermediate tri-state control circuit TS of 
Fig. 3. However, in order to use the tri-state control circuit TS to switch the charge pump 
10 circuit, an interface ckcuit is needed between the dump current I_3State and the tail current 
of the charge pump circuit 82. 

Fig. 15 shows a schematic circuit diagram of the charge pump circuit 
according to Fig. 14 with a corresponding interface to the durcp current I_3State of Fig. 3. 

The dmnp current I_3State is present or active when the frequency is in the 
1 5 locked state, i.e. the phase detection signal PD_I has the value "+1 In this case, the biasmg 
current 4Io flows through the transistor M3*. The transistor M4* is blocked. Thus, no current 
is copied to the tail of the charge pump circuit and the charge pump circuit is switched oflF. 
As soon as a frequency error occurs and the phase detection signal PD_I changes to the value 
"- 1 the dump current IJ3 State is switched to zero by the tri-state control circuit m Fig. 3 , 
20 and the biasmg current 41© flows through the transistor M4*. Then, the transistor M3* is 
blocked. The same biasmg current 4Io is copied to the tail of the charge pwap cnrcuit is 
switched on. 

As an examqple, the value of the band gap referenced voUage Vcm may be set 
to about 1.25V, based on the output common mode of the charge pump circuit 
25 As mentioned above, the common mode at flie output of die charge pump 

circuit is rejected with a negative feedback circuit which compares the common-mode 
voltage at the ou^ut with this band gap referenced voltage Vcm- 

Fig. 1 6 shows a detector arrangement with charge pump circuit according to a 
second preferred embodiment. 
30 In a second preferred embodiment, amplifier circuits 84 have been added to 

the first preferred embodiment of Fig. 3 to atoplify the signals from the double-edge latch- 
multiplexer configurations. Furthermore, level shift circuits 86 have been introduced to adapt 
the common-mode levels at the data inputs D and clocked inputs CK of the latch circuit L5. 
Thereby, improved in/out compatibility between the building blocks can be achieved, to 
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thereby improve signal quali^ and adapt signal swing and/or common mode levels to suit the 
need of the next circuit stage. 

It is difSctilt to get the required arnplification at the output of a bang-bang 
phase detector constructed, for example, with CMOS 18 technology. The latch circuits LI to 
5 L4 do not recover fully the amplitude of input signals. The attenuated phase detection outputs 
PD I and PD Q will thus lead to difficulties in processing the signals in the following stages. 
The latch circuit L5 is used to sample the quadrature phase detection ou^ut PD_Q the in- 
phase detection output PD_I. As the swing or level of the in-phase detection output PD_I is 
not big enough, the two transistors Ml and M2 of the tri-state control circuit in Fig. 3 and 
10 Fig. 1 6 may not be able to get fully imbalanced. Therefore, in order to achieve enough gain, 
the additional amplifier circuit 84 is needed between the in-phase detection output PD__I and 
Hie latch circuit L5. A similar amplifier 84 is added between the quadrature detection output 
PD Q and the latch circuit L5, not only to achieve a bigger swing but also a better delay 
matching. 

IS Fig. 17 shows a schematic circuit diagram of the amplifi^ 84. In particalar, 

the amplifier 84 consists of a feedback anqplifier with resistors Rl and R2 and a differential 
transistor pair Ml and M3. Furthermore, a feedforward amplifier consisting of the resistor 
Rl, a differential transistor pair Ml and M4, a load R and transistors M6 and M7 is provided. 
The feedforward amplifier amplifies the signals at the gates of the transistors Ml and M4, 

20 cross-injecting more signal at the output tfarou^ the transistors M6 and M7, The ou^ut 
cunrmt will be delivered by both, the feedforward amplifier and the feedback anqilifier. 

Figs. 18A and 18B show equivalent cux^uits for AC signals of the feedback 
anqilifier and the feedforward amplifier, respectively. The output voltage Vout of the 
equivalent circuits of the feedback and feedforward amplifiers can be estimated by applying 

25 superposition. 

The output voltage Voutl of the feedback amplifier of Fig. 18A can be approximately 
calculated as follows: 

r ^^^^^ 

Rl 2 

wherein Vid indicates the differential input voltage. 
30 Based on the transconductance gm of the transistors, the output voltage Vout2 of the 
..„feedforward-ampUfier-circuitof-Fig.-l SB-can be approximately c 
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2R 



1+- 



Accordmg to the supeipositioa principle fhe output voltage Vout of Fig. 17 
corresponds to tibe sum of Voutl and Voat2. As the output voltage in Fig. 17 is obtained at a 
single side with respect to ground, fbe output voltage of the amplifier circuit corresponds to 
half of the dififerential output voltage Vout 'wtdch can be approximately calculated as follows: 
Under tlie assumption gm and R »1 , the voltage gain of the amplifier circuit 
84 of Fig. 17 can be expressed as follows: 



Rr 



2R, 



1+- 



10 By adding the feedback amplifier portion, the output impedance is reduced, 

and the output of the amplifier fits higher capacitance loads. In the present case, this 
capacitance load is generated by the gate-source capacitances of the next stage. Furthermore, 
due to fhe feedback resistor networic, the gam can be better controlled depending on fhe 
resistor ratios. 

15 Considering the structure of fhe firequency detector in Fig. 1 6, the common 

mode of both phase detection outputs PD_I and PD_Q fi-om fhe double-edge latch- 
multiplexer ccwttfigurations can be estimated to about 1 .6 V. Thus if die double-edge ou^ut is 
directly connected the level shift circuits 86, the transistors Ml and M2 of the tri-state control 
circuit would be pushed into their linear region. In order to get a correct input common mode 

20 for the level shift circuits 86, the output common mode of the double-edge latch-multiplexer 
configuration should be shifted to about 1 .2 V, Hence, the amplifier circuit 84 should be 
designed to achieve linear amplification of the output of the double-edge latch-multiplexer 
configuration and to also shift the common mode level to about 1 .2 V needed by the level 
shift circuits 86. Thereby, fhe gain can be improved to achieve enough swing so that full 

25 imbalance can be ensured at the tri-state control circuit TS. Furthermore, a common mode 
level shift necessary for the next stage, i.e. the level shift circuit 86, can be achieved. 
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Figs. 19A and 19B show schematic circuit diagrams of the level diift drcuilB 
86 on the PDJ[ ann and the PD_Q aim, respectively. At the latch circuit L5, the common 
mode of the clock signal should be about 1.1 V. Li order to get a suitable common mode for 
the latch circuit L5 and also for the tri-state control circuit TS, the level shift circuits 86 are 
5 introduced. The lower shift circuit 86 is needed in the PD_I arm to achieve a suitable clock 
common mode for the latch circuit L5. The level shift circuit 86 in the upper PD_Q arm is 
introduced to keep a good matching, hi order to generate two different common-mode 
voltages at the output, the two level shift circuits 86 are made sb'ghtly different. As can be 
gathered from Figs. 19A and 19B, the common mode in the PD_I arm is shifted Iowct than 

10 the common mode in the PD_Q arm. This is obvious due to the additional resistor R2 in Fig. 
19A. Furthermore, the level shift circuits of Figs. 19A and 19B introduce a significant gain 
such that the swing of the phase d^ection outputs PD_I and PD_Q is enhanced. 

Fig. 20 shows a waveform diagram indicating respective signals at the input of 
the amplifier circuit 84, at the input of the level shift circuit 86 and at the input of the latch 

IS circuit L5. As can be gathered ftom Fig. 20, the swings of the phase detection outputs PD_I 
and PD_Q are firstly augmented by the amplifier circuit 84 and then again increased by the 
level shifter circuits 86. Due to the modifications shown in Figs. 19A and 19B, the two level 
shifter circuits 86 have different common mode levels at the output but they have exacdy the 
same gain to the differential arrangement. 

20 Fig. 21 shows a circuit diagram of the tri-state control drcuit TS of Figs. 3 and 

1 6. When Ihe fiequency detection output of the latch circuit L5 is hi a ftequency-lodced 
stage, the quadrature phase detection output PD_Q will be active with a 50% duty cycle, this 
signal is seen as a firequency en-or. Therefore, the tri-state control circuit TS is introduced to 
keep the coarse frequency detection loop completely suppressed so that there will be no 

25 contribution from the coarse loop. The tri-state control circuit is controlled by the ii^phase 
detection output PD_I to suppress operation of the charge pun^ circuit 82 when frequency is 
in the locked state. In particular, in the frequency-locked state, the PD_I signal is positive and 
the transistors Ml and M2 are fiiUy imbalanced. All bias current flows through the transistor 
M2 and corresponds to the dump current I_3State. Thus the I_3 State current or signal is used 

30 to suppress the charge pump as explained earUer. This suppression of operation of the charge 
pump circuit 82 can be based on a suppression of its tail current 

-Fig-2-2-shows-a-phase'deteGtor-chaFaetcrisdc-of-1hedetector-an:angement'a^^ 

sunuiahon result tor an mput oata rate ot i u ub/s and a ciocK trequency or iu UJdbs m me 
locked state. As can be seen in Fig. 22, the phase detection output is not zero due to the 

1 

■i 
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intrinsic error. From the simulatioa result in Fig. 22 it can be seen that the phase detector 
arrangement has a dear bang-bang characteristic and works as expected with a periodic 
characteristic. 

Fig- 23 shows a phase detection characteristic of the detector arrangement with 
5 an input clock signal of 10 GHz and an input data bit rate changing from 6 Gb/s to 1 6 Gb/s. 
Thus, in Fig. 23, the horirontal axis corresponds to the data bit rate, while in Fig, 22 the 
horizontal axis indicates the time axis. The difference between the clock frequency and liie 
bit rate are interpreted frequency difference between -4 GHz and +6 GHz. 

As can be gathered from Fig. 23, the phase detector arrangement can correctly 
10 react to clock-data frequency differences between +/- 3 GHz. Thus, the woridng frequency 
range of the phase detector arrangement should be limited to a range between -3.5 GHz and + 
3.5 GHz, However, at the positive side, the opemtmg range continues monotonicaUy up to 
about 6 GHz. 

Generally, it can be seen from the above description that the proposed phase- 
15 frequency detector arrangement can be used with frequency differences from -3.5 GHz up to 
+3.5 GHz. The advantage of this implementation resides in the jwssibility to puU-in large 
frequency errors. Also, the simplicity of the circuit and relatively low supply power to a low 
power consunqjtion and low fabrication costs. As an advantage, the frequency detector gives 
a zero output to the charge pump circuit in the frequency locked state. Thus, the frequency 
20 variation is zero and the noise contribution from the frequency detector to the charge pump 
circuit can be reduced significantly. 

It is to be noted that the present invention is not restricted to the above 
preferred embodiments but can be used in any frequency and/or phase detection arrangement 
with bang-bang characteristic. The preferred embodiments may thus vary within the scope of 
25 the attached claims. 
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CLAIMS: 



1 . A detector arrangement for detecting a ftequency error between an input signal 
(DATA) and a reference signal, said detector arrangement comprising: 

a) first latch means (LI , L2) for sampHng a quadrature component (CKQ) of said 

reference signal based on said input signal, to gen^ate a first binary signal (PD_Q); 
5 b) second latch means (L3 , lA) for sampling an in-phase component (CKI) of 

said reference signal based on said input signal, to gmmte a second binary signal (PD_I); 
and 

c) third latch means (L5) for sanapUng said first binary signal based on said 

second binary signal, to generate a firequency error signal (FD). 

10 

2. A detector arrangement according to claim 1, itarther comprising control 
means (TS) for selectively suppressing operation of a charge pump circuit (82) to which said 
first binary signal (PD_Q) is sirpplied, in response to a control signal deriyed firom said 
second binary signal. 

15 

3. A detector arrangement according to claim 1 or 2, wherein said first and 
second latch means each comprise a double-edge triggered flip-flop arrangement 

4^ A detector arrangement according to claim 3, wherein said double-edge 

20 triggered flip-flop arrangement comprises first and second D-latch circuits (LI, L2) receiving 
said input signal and being respectively controlled by a direct version and an inversed version 
of the respective component of said reference signal, and a multiplexer circuit (MUX) bemg 
controlled by said inversed version of said respective component. 

25 5. A detector arrangement according to any one of the preceding claims, wherein 

said third latch means con^rises a D-latch circuit (L5) receiving said first binary signal 
(PD_Q) and being controlled by said second binary signal (PDJ)- 
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6. A detector anrangement according to any one of the preceding clainis, wherein 
said reference signal is a clock signal to be recovered from said input signal. 

7, A detector arrangement according to claim 2, wherein said first and second 
binary signals (PD_Q, PD_I) are supplied to said charge pump circuit (82) via at least one of 
respective amplifier and level shifter circuits (84, 86). 



10 



15 



8. A detector arrangement according to claim 7, wherein said ampUfier circuits 
(84) each comprise a combination of a feedback amplifier and a feedforward amplifier. 

9. A charge pump circuit for use in a frequency detector arrangement, said 
charge pump circuit comjirising: 

a) a differential input circuit having first and second differential branches; 

b) modulating means for modulating first and second current sources respectively 
arranged in said first and second differential branches; and 

c) control means for controlling a tail current of said differential inpxst circuit in 
response to a frequency-locked state of said frequency detector arrangement 



10. A <;harge pump circuit according to claim 9, frirfher comprising first and 

20 second current mirror circuits (CM) respectively provided in said first and second differential 
branches and arranged to capie the modulated current of one differential branch into the 
respective other differential branch. 

11. A charge pump circuit according to claim 9 or 10, fiirther comprising a 

25 common mode rejection means (C) for comparing a common-mode voltage at the output of 
said charge pump circuit with a reference voltage (Vcm), and for controlling said first and 
seccmd current sources based on tbe comparison result. 



12. A charge pump circuit according to any one of claims 9 to 11 , wherein said 

30 control means comprises switching means (Ml , M2) for switching said tail current in 
response to a control signal indicating said frequency-locked state. 



A recovery circuit for recovenng timing information for random data, said 



recovery circuit comprising a detector arrangement according to any one of claims 1 to 8, and 
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a charge pump circuit according to any one of claims 9 to 12, wherein said fbeqpiency error 
signal generated by said detector arrangement is supplied to said charge ptinip circuit, and 
wherein said frequency-locked state is signaled by using said second binary signal generated 
by said detector arrangement. 

5 

> — • 

14. A method of detecting a frequency eaoT between an input signal and a 

reference signal, said method comprising the steps of: 

a) sampling a quadrature conq)onent of said reference signal based on said input 

signal, to generate a first binary signal; 
10 b) sampling an iur-phase component ofsaid reference signal based on said input 

signal, to generate a second binary signal; and 

c) sampling said first binary signal based on said second binary signal, to 

generate a frequency emxc signal. 

15 15. A method of controlling a charge pump circuit used in a frequency detection 

arrangement, said method comprising the steps of: 

a) modulating first and second current sources respectively arranged in first and 
second differential branches of a differential input circuit of said charge pump circuit; and 

b) controlling a tail current of said differential input circuit in response to a 
20 frequency-locked state of said frequency detector arrangement. 
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ABSTRACT: 



The present invention relates to a detector arrangement and a charge pump 
circuit for a recovery circuit recovering timing information for random data. The detector 
arrangement coiiq}rises first latch means for sampling a quadrature cousponesxt of a refinrence 
signal based on an input signal, to generate a first binary signal, a second latch means for 
5 sampling an in-phase component of the reference signal based on the iiq)ut signal, to generate 
a second binary signal, and a third latch means for sampling the first binary signal based on 
the second binary signal, to generate a fi-equency enror signal. Thus, a simple and fast 
detection circuitry can be achieved based on a digital implCTientation. Furthermore, the 
charge pump circuit comprises a differential iriput circuit and control means for controlling a 
1 0 tail current of the difTerential input circuit in response to a fiequency-locked state of 

firequency detector arrangement. This provides the advantage that behavior of die charge 
pump circuit can alleviate extra ripple generated by the detector arrangement. 
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